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Foreword 

IS0 (the International  Organization for Standardization)  is a worldwide 
federation of national  standards bodies (IS0 member bodies) .  The work of 
preparing International  Standards is normal ly carried out through IS0 
technical  committees.  Each  member body interested in  a subject for 
which  a technical  committee has been establ ished has the right to be 
represented on that committee.  International  organizations,  governmental  
and non-governmental ,  in  l iaison wi th  ISO,  also take part in  the work.  IS0 
col laborates closely wi th  the International  Electrotechnical  Commission  
(IEC)  on al l  matters of electrotechnical  standardization.  

Draft International  Standards adopted by the technical  committees are 
circulated to the member bodies for voting.  Publ ication as an International  
Standard requires approval  by at least 75 % of the member bodies casting 
a vote.  

International  Standard IS0 1 2644 was prepared by Technical  Committee 
lSO/TC 1 30,  Graphic technology.  

Annex A forms an integral  part of this International  Standard.  
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INTERNATIONAL STANDARD 0 IS0 IS0 1 2644:1 996(E)  

Graphic technology -  Determination  of rheological  

properties of paste inks and vehicles by the fal l ing rod 

viscometer 

1  Scope 

This International  Standard speci fies the procedure for determining  the viscosi ty and  yield value of paste inks and  

vehicles which  are unreactive under normal  room condi tions.  

I t is appl icable to inks in  the apparent viscosi ty range of 2  Pa.  s to 200 Pa.  s.  

2 Defini tions 

For the purposes of this International  Standard,  the fol lowing defini tions apply.  

2.1  viscosi ty:  Measure of the internal  friction of a l iquid in  motion.  The viscosi ty is general ly defined as the ratio 

of the shear stress (2.2)  to the shear rate (2.3) :  

q=O (I)  
Y 

2.2 shear stress,  CT:  Force per area in  a di rection  paral lel  to the appl ied force.  Uni t:  Pa.  

NOTES 

1  For the fal l ing rod  viscometer,  the shear stress is proportional  to the total  weight of the rod and  the weight loads in  

accordance wi th  the equation  

o=W=mg 
A 27v1  

(2)  

where (see figures 1  and  2)  

CT i s the shear stress;  

W is the total  weight of the rod and the weight loads;  

A is the apparent shearing  area;  

g  i s the gravi tational  acceleration;  

in  i s the total  mass;  

r i s the radius of the rod;  

1  i s the length  of the aperture.  

2  The shearing  length  of the aperture of a fal l ing rod viscometer usual ly contains both  a tapered and a paral lel  section;  
therefore,  i t i s understood that A is not the true shearing  area but an  apparent shearing  area.  
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2.3 shear rate,  y:  Veloci ty gradient through a stressed l iquid in a di rection perpendicular to the shearing area.  
Uni t:  s-1 .  

NOTE -  For the fal l ing rod viscometer,  yis inversely proportional  to al l  fal l  time according to the equation 

y= L 
r.  In  (R/r)  .  f 

(3)  

where 

Y is the shear rate;  

L is the fal l ing distance of the rod;  

r is the radius of the rod;  

R is the radius of the aperture;  

t is the fal l  time.  

I f the ratio of the radi i  of the rod and aperture is close to uni ty,  the term may be simpl i fied to 

Y=$ (4)  

where s is the thickness of the ink in the nip determined by the di fference between radi i  of the aperture and of the rod.  

2.4 apparent viscosi ty,  qa:  Ratio of the shear stress oto the shear rate yfor a given shear stress or shear rate.  
Uni t:  Pa.  s.  

2.5 Newtonian l iquid:  Liquid whose shear stress is proportional  to shear rate.  

2.6 non-Newtonian l iquid:  Liquid whose shear stress is not proportional  to shear rate.  

NOTES 

1  There are two types of  non-Newtonian  l iquids:  Wi th  shear thi ckening l iquids,  the viscosi ty i ncreases wi th  shear rate;  wi th  
shear thinning l i quids,  the viscosi ty decreases wi th  shear rate.  

2  I f the viscosi ty of a l i quid decreases wi th  appl ication of  steady mechanical  stress from a value at  the state of  rest  to a final  
value and  i ncreases again  i f the stress ceases,  the l i quid is cal led thixotropic.  

2.7 flow curve:  Graph of the shear stress oas a function of the shear rate yor vice versa.  

2.8 Casson model  (see A. l ) :  Flow model  which assumes a non-l inear i ncrease of shear stress owi th increasing 
shear rate 7 A minimum stress 00 is requi red to ini tiate flow.  

2.9 Bingham model  (see A.2) :  Flow model  which assumes a l inear i ncrease of the shear stress (3 wi th increasing 
shear rate y A minimum stress 00 is requi red to ini tiate flow.  

2. 1 0 Power Law model  (see A.3) :  Flow model  which assumes an increase of the shear stress CT of a l iquid 
proportional  to the Nth power of the shear rate y 

2. 1 1  yield stress,  00:  Minimum stress requi red to ini tiate flow of a l iquid.  Uni t:  1  Pa.  

2. 1 2 pseudo yield stress,  CT, , :  Shear stress at a defined low shear rate when applying the Power Law model ,  
typical ly to 2,5 s-1 .  
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2. 1 3 reference temperature:  Temperature (25 “C)  for which al l  resul ts are reported.  Uni t:  “C.  

NOTE -  Measurements made at temperatures di fferent from this temperature are corrected (see 6.2.2)  

2. 1 4 test temperature:  Actual  temperature of the aperture ring during measurements.  Uni t:  “C.  

2. 1 5 shortness ratio:  Ratio of yield stress or pseudo yield stress to the apparent viscosi ty.  Uni t:  1  s-1 .  

3 Test method 

3.1  Principle 

The principle of this test is the measurement of the relative veloci ty between a vertical  rod and an aperture ring.  
The bottom of the rod is inserted into the aperture.  The gap is fi l led wi th the test fluid,  which is sheared when the 
rod fal ls.  

By loading the rod wi th di fferent load weights,  di fferent shear rates are obtained.  By applying l inear regression 
methods to the measured fal l  times as a function of load weight,  the viscosi ty and the yield stress can be 
calculated.  

3.2 Apparatus 

3.2. 1  Fal l ing rod viscometer 

The viscometer consists of 

-  a cyl indrical  rod (figure 1 )  made from metal  or any other hard material .  I n order to obtain comparable values for 
shear stress and resul ting shear rate the mass of the steel  rod should be (I  32 * I )  g.  

-  a metal  ring (figure 2)  wi th a defined cyl indrical  or conical  aperture.  The ring is fixed on a support and should be 
temperature control led.  Since the diameter of rod and aperture are cri tical  they are manufactured wi thin l ow 
tolerances.  These dimensions shal l  be suppl ied by the manufacturer.  To minimize possible gap di fferences,  
only matching sets of rod and aperture ring shal l  be used.  

-  l oad weights to be loaded on top of the rod.  Series of load weights are combined to sets.  Sets of load weights 
with the fol lowing masses should be used:  

A:  5 000,  4 000,  3 000,  2 000,  1 000 

B:  3 000,  2 000,  1  500,  500 

c:  1  500,  1  000,  800,  500 

D:  800,  600,  400,  200 

E:  400,  300,  200,  1 00 

F:  200,  1 00,  50,  0 

The tolerance for the masses of load weights shal l  be f 0,2 g;  

-  a designated measuring distance marked on  the strut.  The tolerance shal l  be I ! I  0,2 mm.  Sensors may be 
placed at the marks.  

-  a level l ing device.  

-  a timing device.  The tolerance shal l  be + 0, l  s (should be + 0,Ol  s)  
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